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Abstract
Infrared spectra of anionic b-type fragments generated by collision induced dissociation (CID)
from deprotonated peptides are reported. Spectra of the b2 fragments of deprotonated AlaAlaAla
and AlaTyrAla have been recorded over the 800–1800 cm
–1 spectral range by multiple-photon
dissociation (MPD) spectroscopy using an FTICR mass spectrometer in combination with the
free electron laser FELIX. Structural characterization of the b-type fragments is accomplished by
comparison with density functional theory calculated spectra at the B3LYP/6-31++G(d,p) level
for different isomeric structures. Although diketopiperazine structures represent the energetically
lowest isomers, the IR spectra suggest an oxazolone structure for the b2 fragments of both
peptides. Deprotonation is shown to occur on the oxazolone α-carbon, which leads to a
conjugated structure in which the negative charge is practically delocalized over the entire
oxazolone ring, providing enhanced gas-phase stability.
Key words: deprotonated peptides, peptide fragmentation, ion structure, IRMPD spectroscopy,
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Introduction
C
ollision induced dissociation (CID) tandem mass spec-
trometry has become an essential tool in proteomics as it
isroutinelyusedtodeterminepeptideandproteinsequences.In
parallel to these application-oriented developments, the reac-
tion chemistry underlying peptide fragmentation has been a
topic of much debate over the past decades [1–4]. A good
example of where such detailed mechanistic information may
aid in the practical analysis of peptide tandem mass spectra are
the complications arising from possible sequence scrambling;
CID fragments from protonated peptides may adopt cyclic
structures in the gas phase, which can reopen at various
positions resulting in a permutation of the initial peptide
sequence [5–7].
An obviously important parameter in understanding the
fragmentation chemistry is knowledge of the molecular
structures of the fragment ions formed in the CID process,
which can be ambiguous based on the m/z information
alone. The combination of tunable infrared lasers with
tandem mass spectrometers has made it possible to record
IR spectra of CID peptide fragments, which can be related to
their structure generally with high confidence. Such detailed
structural information in combination with results from
computational chemistry can then be used to establish the
CID reaction pathways.
Spectroscopic structure determination has thus far been
applied predominantly to b-type CID fragment ions generated
from protonated peptides. Various different structures have
been identified depending on the properties of their amino acid
constituents, peptide length, as well as on the collision energy.
The b4 fragment ion from protonated leucine-enkephalin was
shown to possess an oxazolone structure, which can be
protonated at different positions [8, 9]. While b2 fragments
hadbeensuggestedtoformdiketopiperazinestructures[10],IR
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ospectroscopy definitively determined an oxazolone structure
for the b2 fragments from protonated AAA and AGG [11, 12]
and a diketopiperazine structure for the b2 ion from HisAla4
[13], For larger b-ions ‘head-to-tail’ cyclization produces
macrocyclic structures which may result in sequence scram-
bling[5,6,14,15];recentIRspectroscopicstudieshaveindeed
revealed the abundant occurrence of such structures [16–18].
Still more recently, a-type fragment ions from protonated
peptides were spectroscopically shown to form cyclic struc-
tures as well [19, 20]. This behavior of a-type fragments may
also lead to sequence scrambling in MS
n peptide analysis.
Although most peptide sequencing applications make use
of protonated peptide species, current MS instrumentation
can generally run in both positive and negative ion mode.
Hence, sequence coverage could readily be increased by
analyzing the same peptide in negative ion mode and using the
complementary information. Moreover, for peptides contain-
ing many acidic residues or for phosphorylated peptides,
runninginnegativeionmode,i.e.,sequencingthedeprotonated
peptide, may even be more efficient.
The first IR spectroscopic investigation of deprotonated
peptide fragments considered the a3 fragment from Ala3, and
the main issue was to determine the deprotonation site in the
N-terminal fragment, which no longer possesses a carbox-
ylate moiety at the C-terminus. Resolving the deprotonation
site is important as dissociation reactions are generally
charge-directed. The IR spectra showed unambiguously that
the a3
– fragment has a deprotonated amide (amidate)
structure [21] as proposed earlier by Harrison and coworkers
[22].
As for protonated peptides, amide bond cleavage is a
common peptide fragmentation pattern for deprotonated
peptides, leading to the formation of b-type ions. What are
the structures of these b-type fragments from deprotonated
peptides? Do they also form oxazolone or diketopiperazine
structures as is now well-known for protonated peptides? Or
are there other structures that are more likely in the case of
deprotonated peptides? Moreover, where do these N-termi-
nal fragments deprotonate in the absence of acidic residues?
These are the questions thatwe will address hereby comparing
experimental IRMPD spectra for deprotonated b2 fragment
ions with spectra computed for candidate structures using
density functional theory (DFT).
Formation of b-type fragments from deprotonated pep-
tides was first reported by Heerma and co-workers [23, 24],
and there are several proposed mechanisms for their
formation, which all rely on proton transfer in the first stage
of the reaction. Although this “mobile proton theory” may
appear counterintuitive for a deprotonated peptide—having
one proton fewer, not more—Bache and coworkers showed
explicitlythathydrogenatomscramblingalsooccursinanionic
peptides upon collisional activation [25].
Reaction pathways involving amide bond cleavage as
proposed by Bowie and co-workers are depicted in Scheme 1
(for the formation of the b2 ion) and result in a linear amidate
b-ion with a C=C=O unit at the C-terminus [26–28].
According to molecular modeling studies at the AM1 level of
theory, backbone cleavage leading to b-type ions occurs via an
enolate intermediate, which is produced by proton transfer to
the COO
–moiety[27].Inthismechanism,socalledα-cleavage
ofthe peptide backboneleads toanN-deprotonatedamino acid
(y1 ion), and β-cleavage forms the charged N-terminal
fragment (b2 ion).
An alternative pathway proposed by Harrison and co-
workers, depicted in Scheme 2, results in a b2 fragment with
a cyclic oxazolone structure [29–32]. Harrison actually
proposes two alternative mechanisms. In the first one, the
b-ion is formed directly from the parent deprotonated
peptide and in the second one, the b2-ion is a sequential
fragment formed via the a3 fragment. In Scheme 2, the
precursor ion is the deprotonated peptide and an amidate
structure is formed by proton transfer to the COO
– moiety.
This proton transfer is followed by nucleophilic attack of the
conjugated negatively charged oxygen atom onto a carbonyl
carbon, forming an oxazolone ring, which can retain the
negative charge. The same pathway can lead to the y1
fragment if the negative charge remains on the C-terminal
fragment. Formation of b2 ions via the a3-fragment also
occurs via an amidate intermediate structure [32], see
Scheme 3, although this pathway was suggested to be active
especially for residues without an amidic hydrogen, such as
Pro [29]. The b2 fragment can then be formed via a similar
nucleophilic attack.
To gainfurtherinsightinto the possible structuresof b2 ions,
Harrison and coworkers turned to computational chemistry
[33]. In this study, the energetically most favorable b2 ion
structures (for the GG sequence) correspond to our structures
b2AA_1,b2AA_8,b2AA_9,b2AA_11,andb2AA_12presented
in Figure 1. Inspired by Harrison’s findings, we here report on
the results of an IR spectroscopic investigation of the b2 ion
derived from the deprotonated peptides tri-alanine (AAA) and
alanyl-tyrosil-alanine (AYA).
Experimental and Computational
Methods
All experiments were conducted using the free electron
laser FELIX [34] and a home-built FTICR mass
spectrometer equipped with a 4.7 T actively-shielded
superconducting magnet (Cryomagnetics Inc., Oak Ridge,
TN, USA) [35–37].
Deprotonated peptide anions were generated by electro-
spray ionization (Micromass Z-Spray source) using solutions
containing about 1 mM of the peptide and 1 mM NaOH to
enhance the formation of peptide anions. Tri-alanine and
alanyl-tyrosyl-alanine were obtained from Sigma-Aldrich
(Zwijndrecht, The Netherlands) and Bachem (Weil am
Rhein, Germany), respectively. A mixture of methanol and
water (7:3 ratio) was used as solvent. CID fragments were
g e n e r a t e db yn o z z l e - s k i m m e rd i s s o c i a t i o ni nt h eh i g h -
pressure region at the inlet of the mass spectrometer. Ions
were accumulated in a linear hexapole trap held at a
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–3 Torr, where the trapping
voltages can be adjusted to further enhance the formation of
a specific CID ion. The ions were then transferred to the ICR
cell, where the anion of interest (b2) was isolated using a
SWIFT excitation pulse [38]. Mass-isolated ions were
irradiated with the tunable light from the free electron laser
[34]. FELIX produces 5 μs long pulses with an energy of
~60 mJ (~30–40 mJ in the ICR cell) and a bandwidth of
~0.5% of the central wavelength. In the current experiments,
the FELIX wavelength was scanned from 5.5 to 13 μm,
which corresponds to a spectral range of 800–1800 cm
–1.
Ions were irradiated for 3.8 s, while the entire FTICR
sequence lasted 6 s. Four mass spectra were averaged at each
wavelength point. Infrared multiple-photon dissociation (IR-
MPD) occurs whenever the frequency of the laser is in
resonance with a particular vibration in the ion [39–42]; tens
to hundreds of photons are absorbed leading to the
dissociation of the anion. Recording the photofragment yield
as a function of wavelength gives an IR spectrum, where the
yield is determined as
P
I fragments ðÞ =
P
I all ions ðÞ .
Experimental spectra were compared with calculated
spectra to identify the molecular structures. Optimized anion
structures and computed spectra were generated by DFT
using the B3LYP functional and the 6-31++G(d,p) basis set,
implemented in Gaussian 03. This method was previously
found to give a good prediction for the energies and IR
spectra for deprotonated species [43, 44]. Starting structures
fortheb2ionswereconstructedonthebasisofthosepreviously
investigated by Harrison and coworkers [33] and using
chemical intuition. Structures exhibiting resonance stabiliza-
tion by conjugation and with a high number of H-bonding
interactions were considered to be the most attractive candi-
dates. The structures are presented in Figure 1. Computed
harmonic frequencies are scaled by 0.97 and convoluted with a
25 cm
–1 Gaussian line shape function to facilitate easy
comparison with experimental spectra.
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The precursor peptides were selected on the basis of their
activity and residue size. Trialanine was chosen because the
alanine residue is nonpolar and relatively chemically inert to
possible involvement of the side chain in the fragmentation
reaction. Alanyl-tyrosyl-alanine possesses a bulky tyrosine
residue which might influence the reaction by steric interac-
tions. More importantly, the tyrosine hydroxyl group can
deprotonate relatively easily (similar to phenol, pKaTyr ~10)
and may thuscompete for the negativechargewithother acidic
protons in the system.
Alanyl-Alanyl-Alanine
The b2 fragment anion of deprotonated AAA at m/z 141 was
generated by in-source CID, in particular by manipulating
the settings of the cone voltage and the hexapole accumu-
lation trap, and subsequently mass-isolated in the ICR cell.
Upon IR activation the b2 anion was found to undergo
dissociation forming fragments with m/z 111, 113, 42, and
97 (ordered by their abundance), suggesting loss of
formaldehyde (H2CO), CO, methyl substituted oxazolone
and CO2, respectively. Observation of the CO2 loss channel
suggests that two oxygen atoms have become bonded to the
same carbon atom in the b2-fragment ion. This fragmenta-
tion pathway was also observed, though with CID of N-
benzoylpeptides, in the work of Harrison and coworkers [30]
and was interpreted as an indication for an oxazolone
structure. These data provide circumstantial evidence for an
oxazolone structure of the b2 fragment.
Figure 2 presents a direct comparison of the experimental
spectrum with those computed for the various candidate
structures of Figure 1. It is immediately obvious that only
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the experimental spectrum, which is structure b2AA_1,
corresponding to a 2,4-substituted-5-oxazolone. The calcu-
lations formally place the negative charge for this structure
on the α-carbon atom that has become integrated in the
oxazolone ring. The dominant band observed in the IRMPD
spectrum at 1670 cm
–1 corresponds to the oxazolone C=O
stretching mode. Since the structure is in fact an ester, one
could have expected the carbonyl stretching mode to occur at
slightly higher wave numbers. However, the enol resonance
induces a substantial red-shifting of this band. Bands with
lower intensities appear at 1532, 1331, 1233, and 1096 cm
–1
and correspond to N=C stretching, ring vibration, C-N in-ring
stretching, and NH2 twisting, respectively.
Calculated relative energies are given for each of the
suggested structures in the upper left corner of each panel in
Figure 2. Even though the spectrum of structure b2AA_1
clearly fits best with the experimental spectrum, there are
two structures with substantially lower energies. These are
the diketopiperazine structures deprotonated on the ring
nitrogen and carbon atoms, which are lower in energy than
b2AA_1 by 41 and 6 kJ/mol, respectively. It is obvious in
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mode is present, while for the diketopiperazine structures
two C=O stretching modes are predicted.
To further support our structural assignment and to
exclude the presence of diketopiperazine structures, the
spectrum of commercially available cyclic-dialanine, which
has a diketopiperazine structure, was recorded. The results
are shown in Figure 3.
The experimental spectrum of deprotonated cyclic-dia-
lanine shows good agreement with the spectrum calculated
for the N-deprotonated diketopiperazine structure (see
Figure S1 in the Supporting Information). The experimental
spectrum indeed shows two carbonyl stretching modes,
which occur at different frequencies because of the different
molecular environment of the two carbonyl groups in the
diketopiperazine ring. The band at 1660 cm
–1 is due to the
carbonyl stretch which is not affected by the amidate
resonance, whereas the feature at 1590 cm
–1 is due to the
carbonyl involved in the amidate resonance, which gives
partial single bond character to this CO bond.
It is further noticed that IRMPD dissociation channels are
different from those observed for the b2 fragment. Main
fragment mass channels for cyclic-dialanine are m/z 42 and
97. While the m/z 42 fragment may correspond to NCO
– or
NH=CH-CH2
–, an exact mass determination suggests the
former stoichiometry. Mass 97 is due to the loss of a neutral
b2AA_11 b2AA_12 b2AA_1
b2AA_9 b2AA_5 b2AA_10
b2AA_2 b2AA_8 b2AA_4
b2AA_3 b2AA_7 b2AA_6
Wavenumber (cm-1)
0 kJ/mol +37 kJ/mol +38 kJ/mol
+64 kJ/mol +92 kJ/mol +103 kJ/mol
+116 kJ/mol +123 kJ/mol +147 kJ/mol
+170 kJ/mol +173 kJ/mol +239 kJ/mol
Figure 2. Experimental IRMPD spectrum of the b2 fragment of deprotonated AAA (black line) compared with calculated
spectra (red and blue dashed line) for various oxazolone, diketopiperazine, and linear candidate structures (in order of
increasing relative energy). The red arrow indicates the deprotonation site in each of the structures
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(CH3CHO) or carbon dioxide (CO2); here the exact mass
clearly suggests acetaldehyde loss, which is in line with
experimental data by Bowie and coworkers on the dissoci-
ation of deprotonated 2,5-diketopiperazines indicating that
CO2-loss is unlikely [45]. In conclusion, both the spectrum
and the fragmentation channels resulting from IRMPD are
different for the AlaAla b2 anion and the deprotonated cyclo-
dialanine, providing independent experimental evidence
against a diketopiperazine structure for the b2 fragment.
Alanyl-Tyrosyl-Alanine
The b2 fragment generated by front-end CID from deproto-
nated AYA is observed at m/z 233. Upon IR activation the b2
anion was found to undergo dissociation into fragments at m/z
97, 93, 42, and 88 (ordered by their abundance). Mass 97 may
correspond to the loss of neutral 4-methylen-2,5-cyclohexa-
diene-1-one followed by the loss of formaldehyde, while mass
93 likely corresponds to the formation of the phenoxide
(C6H5O
–) anion. Both of these fragmentation channels are
commonly observed for anionic peptides containing a tyrosine
residue [46]. The identity of the m/z 88 fragment is not clear.
Although its mass corresponds to that of deprotonated alanine,
this would be unusual since the b2 ion from AYA does not
possess a carboxylate moiety, and moreover does not possess a
C-terminal alanine residue. The analysis of the IRMPD
spectrum of the b2 fragment described below is independent
of the identity of the fragment ions observed.
Our main motivation for recording the IRMPD spectrum
of the b2 from AYA was to confirm the robustness of the
deprotonated oxazolone motif found for the b2 fragment
from deprotonated AAA. Specifically, deprotonation may in
this case occur on the tyrosine side chain forming a phenoxide
anion. Hence, we can qualitatively compare the gas-phase
acidity of the oxazolone motif with that of phenol. In addition,
we recorded the IRMPD spectrum for the intact deprotonated
AYA anion to establish the initial deprotonation site of the
parent anion. Note that the deprotonation site of the Tyr amino
acidhasbeenthesubjectofsubstantialdiscussionrecently[47–
49]. Figure S3 in the Supporting Information unambiguously
establishes a carboxylate structure for deprotonated AYA,
analogous to what we found previously for deprotonated Tyr
using IR spectroscopy [49].
The IRMPD spectrum recorded for the AYA b2 fragment
anion is shown in Figure 4, compared with calculated spectra
fortwooxazoloneisomers,withdeprotonationoccurringeither
on the oxazolone α-carbon or on the phenol moiety of the Tyr
side-chain. One can immediately see from the comparison that
this b2 fragment possesses a deprotonated oxazolone structure,
analogous to the b2 fragment of deprotonated AAA. Compar-
isons with spectra calculated for other possible structures can
be found in the Supporting Information (Figure S2). The most
intense absorption observed at 1675 cm
–1 is attributed to the
oxazolone C=O stretching mode, which appears slightly red-
shifted at 1655 cm
-–1 in the calculated spectrum. Figure 3
shows thatthe experimentally observed frequency isconsistent
between the b2 ions from AYA and AAA with a difference of
only 5 cm
–1, suggesting that the discrepancy with theory may
be an artifact of the harmonic frequency calculation. Assign-
ment of the structure as a deprotonated oxazolone rather than a
phenoxide anion is furthermore consistent with calculated
relative free energies given for each of the structure in Figure 4.
Apart from the oxazolone carbonyl stretching mode, there
are more similarities between the spectra of the b2 ions from
AYA and AAA. Absorption features observed at 1539, 1327
wavenumber (cm-1)
Figure 3. Comparison of the experimental IRMPD spectra of deprotonated cyclo-dialanine (red), b2 from AAA (black dashed
line), and b2 from AYA (blue dash-dotted line). The red-dotted line represents the calculated spectrum for the lowest-energy
diketopiperazine structure, which shows that cyclo-Ala2 is deprotonated on one of the nitrogen atoms
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–1 in the spectrum of b2 from AYA can be
correlated to absorptions at 1532, 1331, 1233 cm
–1 in the
spectrum of b2 from AAA (see Figure 3). According to the
calculations, these peaks are due to the C=N stretching
vibration, the oxazolone ring vibration and the oxazolone
C-N stretching mode, respectively. In addition, features
observed at 833, 809, 1080, and 1168 cm
–1 in the
experimental spectrum of b2 from AYA correspond to bands
at 854, 824, 1080, and 1161 cm
–1, respectively, in the
theoretical spectrum and are due to aromatic out-of-plane
and in-plane C-H vibrations. Furthermore, a band of special
interest located at 1153 cm
–1 in the calculations is observed
as a shoulder at 1156 cm
–1 in the experiment. This peak is
assigned as the hydroxyl COH bending mode of the phenol
moiety and is very close in frequency to the analogous mode
in the IRMPD spectrum of deprotonated tyrosine [49]. This
similarity provides further experimental evidence for the
tyrosine side-chain not being deprotonated. In addition, the
feature at 1223 cm
–1 (1218 cm
–1 in the theoretical spectrum)
is due to the phenolic C–O stretching mode. Finally, we note
that the NH2 bending vibration calculated at 912 cm
–1 is not
well reproduced in the experimental spectrum. Previous
IRMPD spectra of deprotonated amino acids have shown that
the frequency and intensity of this mode are often found to
deviate strongly from their theoretical values [49], which we
suspect to be due to the very anharmonic potential for this
vibration [50, 51]. All experimental and theoretical data thus
strongly suggest that both deprotonated peptides form b2
fragments with an oxazolone structure and that deprotonation
occurs on the α-carbon embedded in the oxazolone ring.
Discussion
One may now wonder what makes this particular oxazolone
structure more attractive than all other candidate structures
presented in Figure 1. As described above, the oxazolone
ring is believed to be formed by nucleophilic attack of the N-
terminal amide oxygen onto the neighboring amide carbon
(see Scheme 2)[ 29], whereas the thermodynamically more
favored diketopiperazine structure would have to be formed
by nucleophilic attack of the N-terminal nitrogen onto the
second amide carbon. This latter reaction requires a trans to
cis isomerization of the N-terminal amide bond before
cleavage of the peptide bond occurs. For protonated
peptides, rotation around the amide bond faces a relatively
low energetic penalty due to the reactive configuration in
which the mobile proton has migrated to the amide nitrogen,
reducing the bond order of the amide bond. However, while
energetically feasible, this isomerization is entropically
unfavorable [52–56], preventing the formation of diketopi-
perazine structures. Although no transition state calculations
were performed for deprotonated peptides, in addition to
possible entropic constraints, trans-to-cis isomerization
likely faces higher energetic barriers, since in the reactive
configuration where the amide moiety is deprotonated
(Scheme 2), the double-bond character of the amide bond
is enhanced rather than reduced. For oxazolone structures to
be formed on the other hand, only rotation around the N–Cα
bond is needed. Furthermore, formation of the diketopiper-
azine structure may require deprotonation of the N-terminal
aminogroupforittobecomesufficientlynucleophilic,whichis
however energetically unfavorable in the gas phase as it would
strongly localize the negative charge. Trans-to-cis isomeriza-
tion would then have to occur around a neutral, conjugated
amide bond facing a substantial thermodynamic barrier. These
considerations make formation of the diketopiperazine an
unlikely reaction pathway and provide qualitative arguments
for fragmentation pathways leading to oxazolone structures.
Of all possible oxazolone structures in Figure 1, the
structure identified in the experiments has the lowest energy
and here we rationalize why this structure is particularly
favorable. A close inspection of this structure in Figure 5
reveals that there is a high level of charge delocalization in
this oxazolone b2 structure, in which the negative charge can
be delocalized over five heavy atoms. None of the other
oxazolone forms in Figure 1 allows one to draw more than just
Wavenumber  (cm )
-1
0 kJ/mol
+22 kJ/mol
Figure 4. Experimental IRMPD spectrum of the b2 fragment
ion from deprotonated AYA (black in both panels) compared
with calculated spectra for a deprotonated oxazolone structure
(blue dots) and an oxazolone anion deprotonated on the Tyr
residue (red dots)
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further supported with calculated bond lengths of the b2AA_1
deprotonated structure compared with those for its neutral
counterpart (Figure 6). Elongation of the Ca=O bond by
0.046 Å and shortening of the Ca–Cc bond by 0.126 Å is a
consequence of the enolate resonance (red isomer in Figure 5).
On the other hand, substantial contraction of the Cc–Nb o n d
occurs (0.075 Å) as well as an elongation of the N=Cb bond
(0.029 Å) as a result of the imine resonance (shown as the blue
isomer in Figure 5). This results in a conjugated structure for
the b2AA_1 anion as presented in violet in Figure 5.
Finally, we note that the fragment ion structures that have
been identified in this and a previous study [21] on the
fragmentation of deprotonated tripeptides support the con-
clusions of Harrison, Siu, and coworkers [29, 32, 33]. In
particular, we showed that the a3 fragment of deprotonated
AAA has an amidate structure that corresponds to the
suggested structure and the fragmentation pathway of
Harrison shown here in Scheme 3. Our results for the b2
fragment anions described in the current study are in support
of Harrison’s suggested b-ion structure, possibly formed via
the a3 anion (see Scheme 3).
Conclusions
The first spectroscopic investigation of anionic b-ions has
been presented; gas-phase IRMPD spectra for the b2 frag-
ments of the deprotonated peptides AAA and AYA have
been recorded. Comparisons with calculated spectra show
unambiguously that the b2 fragments generated from both
peptides have an oxazolone structure, which is deprotonated
on the α-carbon in the oxazolone ring. No evidence was
found for b2 fragments having the lower-energy diketopiper-
azine structure, which was further confirmed by recording an
experimental spectrum for deprotonated cyclo-dialanine that
is substantially different from that recorded for the CID
generated b2 ion of deprotonated AAA. The deprotonated
oxazolone b-ion structure identified here is shown to be a
Figure 6. Bond lengths in deprotonated and neutral
oxazolone ring
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Figure 5. Resonant structures for the b2AA_1 oxazolone structure. The negative charge is distributed over five heavy atoms
providing particular stability to this oxazolone structure. The overall conjugated structure is presented in violet
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other acidic protons, in this case on the tyrosine side chain.
Formation of the deprotonated oxazolone structure is
likely due to an energetically and/or entropically favorable
transition state as compared with that for the formation of
the diketopiperazine structure. The latter pathway requires a
trans-to-cis isomerization of the peptide bond, which
possibly represents a higher energetic barrier compared with
an analogous isomerization in protonated peptides, although
computational investigations are required to substantiate this
qualitative argument. Furthermore, of all possible oxazolone
structures that can be formed, the one where deprotonation
occurs on the oxazolone Cα is particularly stable due to a high
degree of charge delocalization, which is an important factor in
the gas-phase stability of ions.
Inmoregeneralterms,thisstudyshowsthatcharacterization
of CID peptide fragment structures by IRMPD spectroscopy is
also successful for anionic species. A deeper understanding of
peptide fragmentation in negative ion mode may eventually
lead to an increased application in peptide sequencing
strategies.
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